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(57) Continuous transfer of AV data without a break 
necessitates to perform replacement processing of a 
disk access unit and takes labor and time. 

A characteristic is that an HDD 2 is disposed which 
writes AV data in a recording medium, that an AV re- 
cording/reproducing controller 3 is disposed which, 



when there is a write error in writing of AV data in a disk 
access unit which is a minimum unit for continuously ac- 
cessing the recording medium, controls the HDD 2 such 
that this disk access unit will be skipped and said AV 
data will be written in the next disk access unit, that skip 
processing judging means 5 is disposed, and that a re- 
placement area is not formed in the recording medium. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a recording 
and reproducing apparatus, a recording and reproduc- 
ing method, a nnedium and a program for recording AV 
data. 



BACKGROUND ART 

[0002] The recent years have seen a proliferating use 
of recording and reproducing apparatuses, such as hard 
disk drives and magneto-optic disk drives, for their large 
capacities and high speeds as external storage appara- 
tuses, in accordance with dissemination and progresses 
of personal computers. As computer software of larger 
volumes are used and data to be handled accordingly 
become large-volume data, the speeds and the capac- 
ities of these recording and reproducing apparatuses 
used as external storage apparatuses are increasing. 
[0003] In this manner, a recording and reproducing 
apparatus which used to handle computer data is now 
used as a digital AV apparatus for recording and repro- 
ducing video and audio data (hereinafter referred to as 
"AV data") making the most of their large capacities and 
high speed and utilizing a digital technology. 
[0004] When data, a program or the like for a compu- 
ter are to be recorded in a recording and reproducing 
apparatus, an error of even one bit causes a serious 
problem such as one that the program malfunctions. 
Hence, a recording and reproducing apparatus exe- 
cutes a strict error check at the time of recording and 
reproducing of computer data, to thereby guarantee the 
reliability of data, a program, etc. 
[0005] Such en-or checks include re-allocation 
processing of re-allocating an LBA (Logical Block Ad- 
dress) to a sector in a recording medium, retry process- 
ing of recording in or reading from a sector in which there 
is an error, replacement processing of allocating an LBA 
allocated to an error-bound sector to other sector within 
a replacement area and suspending use of the error- 
bound sector,, etc. 

[0006] Meanwhile, when AV data are to be recorded 
in a recording and reproducing apparatus, it is important 
to record or reproduce while ensuring that AV data will 
remain continuous so that the continuity of the AV data, 
rather than the reliability of the data, will be guaranteed! 
[0007] In other words, when AV data are to be repro- 
duced, if an error occurs in 1-byte data for instance, a 
resulting influence is merely to the extent that most of 
the audience will not notice when such AV data are dis- 
played on a television monitor. 

[0008] However, when a strict error check such as re- 
try processing and replacement processing is executed 
during reproduction of the AV data, the reproduction of 
the AV data will be interrupted by the error check and 
images displayed on the television monitor will accord- 



ingly be chopped, which is very much disturbing to the 
audience. 

[0009] Fig. 1 3 shows a proposed recording and repro- 
ducing apparatus 40 which records and reproduces 
5 while guaranteeing the continuity of AV data. 

[0010] The recording and reproducing apparatus 40 
is comprised of an HDD 41 , an AV recording/reproduc- 
ing HDD controller 43, a replacement DAU table 42. a 
file system 4, a recording buffer 8 and a play buffer 9. 
10 [0011] Fig. 14 shows a magnetic disk medium 44 
which the HDD 41 writes and reads AV data in and from. 
[0012] m the magnetic disk medium 44, there are an 
AV data recording area 47 and a replacement DAU area 
46. In short, the AV data recording area 47 is an area 
15 for writing AV data in disk access units which are the 
minimum units for continuously accessing the magnetic 
disk medium 44, whereas the replacement DAU area 46 
is an area in which a disk access unit is secured in ad- 
vance which will be used to write AV data instead of a 
20 defective or otherwise inappropriate disk access unit 
within the AV data recording area 47 If it is not possible 
to write normally in the defective disk access unit. Thus, 
the recording and reproducing apparatus 40 executes 
replacement processing of a disk access unit of writing 
^5 AV data in the disk access unit secured within the re- 
placement DAU area 46 as a substitution for a disk ac- 
cess unit within the AV data recording area 47. 
[0013] Further when the sizes of the disk access units 
become small, the HDD 41 is sought for and forced on 
30 rotation stand-by frequently, and therefore, a transfer 
rate for AV data slows down. Noting this, the sizes of the 
disk access units are made large enough so as to guar- 
antee continuous transfer of AV data, and set to 2 
Mbytes for example. 
35 [0014] The HDD 41 is means which holds a table in 
which a notified LBA (Logical Block Address) is associ- 
ated with a track number and a sector number which 
express a physical location in the magnetic disk medium 
44 as shown in Fig. 17, and serves as means which 
40 specifies a physical location in the magnetic disk medi- 
um 44 utilizing this table, and then writes or read AV da- 
ta. 

[0015] The AV recording/reproducing HDD controller 
43 is means which controls the HDD 41 . The replace- 
45 ment DAU table 42 is a table for identifying a post-re- 
placement disk access unit number from a pre-replace- 
ment disk access unit number. 

[0016] Fig. 15 shows an example of the replacement 
DAU table 42. A DAU number 51 is the number assigned 

50 to a disk access unit as it is before replacement process- 
ing, while a post- rep lace ment DAU number 52 Is the 
number assigned to a disk access unit as it is after re- 
placement processing. Without replacement processing 
performed, the same number in the DAU number 51 is 

55 stored as the post-replacement DAU number 52, 

[0017] The file system 4 is for handling AV data as a 
file and serves as means which holds file information, 
which contains infonnation regarding disk access units 
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which form files, designates file name and refers to the 
file information or updates the file information. 
[0018] In addition, a DAU converting table 53 is stored 
in the file system 4 as shown in Fig. 1 6. The DAU con- 
verting table 53 is a table for converting a disk access 
unit number 54 assigned to specify a disk access unit 
into an LBA 55 which is at the top of a disk access unit 
within the magnetic disk medium 44. 
[0019] The recording buffer 8 is a buffer which, upon 
transfer of AV data to be written in the magnetic disk 
medium 44, temporarily stores the AV data. 
[0020] The recording buffer 8 is a buffer which tem- 
porarily stores AV data which were read from the mag- 
netic disk medium 44. 

[0021] Operations of such a recording and reproduc- 
ing apparatus 40 will now be described. 
[0022] First, the recording and reproducing apparatus 
40 formats the magnetic disk medium 44, prior to re- 
cording or reproduction of AV data in or from the mag- 
netic disk medium 44. At the time of the fonnatting 
processing, the replacement DAU area 46 is also en- 
sured separately from the AV data recording area 47. 
[0023] Next, replacement processing is performed 
which is for replacing a disk access unit which is defec- 
tive or requires a predetermined period of time or longer 
time for writing or reading with a disk access unit which 
is within the replacement DAU area 46 so as to guaran- 
tee real-time transfer of AV data. 

[0024] That is, writing in a disk access unit or reading 
from a disk access unit within the magnetic disk medium 
44, the AV recording/reproducing HDD controller 43 
Identifies a disk access unit which Is defective or re- 
quires a predetennined period of time or longer time for 
writing or reading. 

[0025] When identifying such a disk access unit, the 
AV recording/reproducing HDD controller 43 notifies the 
file system 4 of this. 

[0026] Upon notification, the file system 4 rewrites the 
replacement DAU table 42. In short, the post-replace- 
ment DAU number 52 which corresponds to the number 
assigned to the disk access unit thus notified about is 
rewritten into the number assigned to a disk access unit 
which is within the replacement DAU area 46. 
[0027] The processing above will then be repeated for 
all disk access units which are within the replacement 
DAU area 46. 

[0028] When replacement processing Is performed In 
the units of sectors, since a seek action and rotation 
stand-by occur in a sector which is under the replace- 
ment processing, writing and reading take an extra 
amount of time. Hence, replacement processing at 
smaller intervals than a size which guarantees continu- 
ous transfer of AV data makes It impossible to guarantee 
continuous transfer of the AV data because of seek, ro- 
tation stand-by, etc. On the contrary, the recording and 
reproducing apparatus 40, executing replacement 
processing In the units of disk access units whose sizes 
guarantees continuous transfer of AV data, can guaran- 
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tee the continuity of the AV data even at the time of re- 
placement processing. 

[0029] In this manner, the recording and reproducing 
apparatus 40 performs replacement processing in the 
5 units of disk access units in advance and therefore guar- 
antees transfer of AV data in real time. 
[0030] Recording of AV data In the magnetic disk me- 
dium 44 will now be described. 

[0031] AV data received by a television tuner or the 
10 like are transferred to the recording and reproducing ap- 
paratus 40 in real time. 

[0032] The recording buffer 8 temporarily records the 

AV data thus transferred in real time. 

[0033] Storing the AV data amounting to a disk access 

'5 unit, the recording buffer 8 notifies the AV recording/re- 
producing HDD controller 43 of that. 
[0034] Notified by the recording buffer 8 of the storage 
of the AV data amounting to a disk access unit, the AV 
recording/reproducing HDD controller 43 demands the 

20 file system 4 to tell in which disk access unit the AV data 
will be written. 

[0035] In response, the file system 4 checks, from the 
file Information, the number assigned to a disk access 
unit in which AV data are to be written, and using the 

^5 replacement DAU table 42 shown in Fig. 15, converts 
the disk access unit number 51 into the post-replace- 
ment DAU number 52. In the event that the disk access 
unit in which AV data are to be written has been replaced 
because of a defect or the like, the disk access unit 

30 number of the replacement DAU area 46 is written as 
the post-replacement DAU number 52. In the event that 
no replacement processing is performed, the number 
which is the same as the number assigned to the disk 
access unit in which AV data are to be written is written 

35 as the post-replacement DAU number 52. The number 
assigned to the replaced disk access unit is then report- 
ed to the AV recording/reproducing HDD controller 43. 
Hence, of the disk access units within the AV data re- 
cording area 47, a disk access unit which is defective or 

^0 requires a predetermined period of time or longer time 
for writing or reading is not used. 
[0036] Notified by the file system 4 of the number as- 
signed to the replaced disk access unit to which AV data 
is written, the AV recording/reproducing HDD controller 

45 43 demands for notification of the top LBA of thus noti- 
fied disk access unit number 

[0037] Upon receipt of the demand from the AV re- 
cording/reproducing HDD controller 43, -the file system 
4 identifies the disk access unit number and the LBA at 

50 the top of the disk access unit denoted as the top LBA 
55 while refemng to the DAU converting table 53 which 
Is shown In Fig. 16, and notifies the AV recording/repro- 
ducing HDD controller 43 of the same. 
[0038] Further, the AV recording/reproducing HDD 

55 controller 43 demands the recording buffer 8 to transfer 
AV data to be written in one disk access unit. 
[0039] In response, the recording buffer 8 transfers 
AV data to be written In one disk access unit to the AV 
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recording/reproducing HDD controller 43. 
[0040] The AV recording/reproducing HDD controller 
43 designates, from the notified LBA. the number of sec- 
tors in which AV data are to be written, issues a write 
command to the file system 4, and transfers the AV data 
transferred from the recording buffer 8 to the HDD 41 
[0041] The file system 4 provides the HDD 41 with the 
write command sent from the AV recording/reproducing 
HDD controller 43. 

[0042] The HDD 41 converts the notified LBA into a 
track number and a sector number with reference to the 
table which is shown In Fig. 17, and writes the trans- 
ferred AV data in a sector which forms a corresponding 
track which is in the magnetic disk medium 44. 
[0043] Meanwhile, AV data are transferred to the re- 
cording buffer 8 in real time, and the recording buffer 8, 
upon storing the AV data amounting to a disk access 
unit, notifies the AV recording/reproducing HDD control- 
ler 43 of that. Operations similar to the above will then 
be repeated, thereby recording the AV data transferred 
in real time. This prevents use of a disk access unit 
which will not see a tennination of recording of AV data 
even after a predetermined period of time or longer time 
due to a defect or the like, and therefore, it is possible 
to guarantee real-time transfer of AV data. 
[0044] Reading of AV data from the magnetic disk me- 
dium 44 will now be described. 

[0045] The play buffer 9 outputs AV data in real time, 
and when a free space is created which amounts to a 
disk access unit, notifies the AV recording/reproducing 
HDD controller 43 of that. 

[0046] Notified from the play buffer 9, the AV record- 
ing/reproducing HDD controller 43 demands the file sys- 
tem 4 for the number assigned to a disk access unit 
which is to be read out next. 

[0047] In response, the file system 4 checks from the 
file infomaation the number assigned to a disk access 
unit in which AV data are to be written, and converts the 
disk access unit number 51 into the post- replacement 
DAU number 52 with reference to the replacement DAU 
table 42. Hence, a defective disk access unit will not be 
used. The AV recording/reproducing HDD controller 43 
is then notified of the number assigned to a replaced 
disk access unit. 

[0048] When notified by the file system 4 of the 
number assigned to the disk access unit in which AV 
data are to be written, the AV recording/reproducing 
HDD controller 43 makes an inquiry regarding the top 
LBA of the disk access unit thus reported to the file sys- 
tem 4. 

[0049] Receiving the inquiry from the AV recording/ 
reproducing HDD controller43, the file system 4 notifies 
the AV recording/reproducing HDD controller 43 of the 
top LBA of the disk access unit. 

[0050] The AV recording/reproducing HDD controller 
43, upon notification by the file system 4 of the notified 
LBA, designates the LBA and the number of sectors in 
which the AV data are to be read out and issues a read 



command to the file system 4. 

[0051] The file system 4 relays the read command 
sent from the AV recording/reproducing HDD controller 
43 to the HDD 41 . 
s [0052] The HDD 41 converts the notified LBA into a 
track number and a sector number with reference to the 
table which is shown in Fig. 1 7, and reads the AV data 
from the sectors which form a corresponding track which 
is in the magnetic disk medium 44 and transfers to the 
10 AV recording/reproducing HDD controller 43. 

[0053] The AV recording/reproducing HDD controller 
43 transfers thus read AV data to the play buffer 9. 
[0054] The play buffer 9 stores the AV data read by 
the AV recording/reproducing HDD controller 43 and 
^5 outputs stored AV data in real time. 

[0055] Hence, since the sizes of the disk access units 
are made large enough so as to continuously transfer 
AV data, and further, since a disk access unit which is 
within the replacement DAU area 46 is used instead of 
^0 a defective disk access unit, the recording and repro- 
ducing apparatus 40 guarantees continuous transfer of 
the AV data. 

[0056] However, requiring to execute replacement 
processing of a disk access unit in advance in order to 
^5 guarantee continuous transfer of AV data, the conven- 
tional recording and reproducing apparatus.40 needs la- 
bor and time. 

[0057] That is, it is necessary to execute replacement 
processing of a disk access unit for the purpose of con- 
30 tinuously transferring AV data, which gives rise to a 
problem that it takes labor and time (first problem). 
[0058] Further at the time of replacement processing, 
reading and writing are executed in the entire magnetic 
disk medium 44 in order to find a defect in a disk access 
35 unit or a disk access unit which requires a predeter- 
mined period of time or longer time for writing or reading, 
and hence, AV data already recorded in the magnetic 
disk medium 44 get deleted. 

[0059] In other words, there is a problem (second 
40 problem) that replacement processing of a disk access 
unit executed for the purpose of continuously transfer- 
ring AV data causes deletion of AV data which were pre- 
viously recorded in a recording medium. 
[0060] In addition, for execution of replacement 
processing of a disk access unit, It is necessary to se- 
cure a disk access unit In the magnetic disk medium 44 
which will serve as a substitute like the replacement 
DAU area 46. Because of this, an area such as the AV 
data recording area 47 in which a user can freely record 
^0 AV data decreases. 

[0061] That is, there is a problem (third problem) that 
for execution of replacement processing of a disk ac- 
cess unit for the purpose of guaranteeing continuous 
transfer of AV data without a break, it is necessary to 
55 secure in advance a disk access unit which will serve 
as a substitute, and hence, as compared with where re- 
placement processing is not candied out, an area which 
a user can freely use decreases. 
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[0062] Further, in the event that there is disturbance 
such as vibrations, even though there is not a defect in 
a disk access unit within the nnagnetic disk medium 44, 
the disk access unit will be determined defective. Until 
re-formatting, the disk access unit will be treated as a 
defective disk access unit. 

[0063] That is, there is a problem (fourth problem) that 
when there is disturbance such as vibrations, even a 
disk access unit having no defect is detenrtined as a de- 
fective disk access unit and will be treated as a defective 
disk access unit until the recording medium has been 
formatted. 

DISCLOSURE OF THE INVENTION 

[0064] Considering the first problem described above, 
the present invention aims at providing a recording and 
reproducing apparatus, a recording and reproducing 
method, a medium and a program with which it is pos- 
sible to continuously transfer AV data without a break 
without taking labor and time. 

[0065] Further, considering the second problem de- 
scribed above, the present invention aims at providing 
a recording and reproducing apparatus, a recording and 
reproducing method, a medium and a program with 
which it is possible to continuously transfer AV data with- 
out a break without deleting AV data already recorded 
in a recording medium. 

[0066] Further, considering the third problem de- 
scribed above, the present invention aims at providing 
a recording and reproducing apparatus, a recording and 
reproducing method, a medium and a program with 
which it is possible to continuously transfer AV data with- 
out a break without decreasing an area which a user can 
freely use. 

[0067] Further, considering the fourth problem de- 
scribed above, the present invention aims at providing 
a recording and reproducing apparatus, a recording and 
reproducing method, a medium and a program with 
which it is possible to avoid pemnanently treating a de- 
fect-free disk access unit as a defective disk access unit 
due to disturbance such as vibrations and to accordingly 
re-use such a defect-free disk access unit. 
[0068] To solve the above problems, a first invention 
of the present invention (corresponding to Claim 1 ) is a 
recording and reproducing apparatus, comprising: 

recording means which writes AV data in or reads 
AV data from a recording medium; and 
recording control means which, when there is a 
write error in writing of AV data in a disk access unit 
which is a minimum unit for continuously accessing 
said recording medium, controls said recording 
means such that this disk access unit will be 
skipped and said AV data will be written in the next 
disk access unit, 

wherein a replacement area which corresponds to 
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said disk access unit in which there is said error is not 
formed in said recording medium. 
[0069] A second invention of the present invention 
(corresponding to Claim 2) is the recording and repro- 
5 ducing apparatus of the first invention of the present in- 
vention, comprising error judging means which makes 
a judgment regarding whether said write error has oc- 
curred, 

wherein said recording control means controls 
10 said recording means based on said judgment. 

[0070] A third invention of the present invention (cor- 
responding to Claim 3) is the recording and reproducing 
apparatus of the second invention of the present inven- 
tion, 

15 wherein said error judging means makes a judgment re- 
garding whether there is a read error In reading of AV 
data from said disk access unit, and 

when there is a read error in reading of AV data in 
said disk access unit, said recording control means con- 

^0 trols said recording means based on said judgment such 
that this disk access unit will be skipped and AV data 
will be read from the next disk access unit. 
[0071] Afourth Invention of the present invention (cor- 
responding to Claim 4) is the recording and reproducing 

25 apparatus of the second or the third invention of the 
present invention, wherein said error judging means 
judges that said write error or said read error has oc- 
curred when a command error occurs. 
[0072] A fifth invention of the present invention (cor- 

30 responding to Claim 5) is the recording and reproducing 
apparatus of the second or the third invention of the 
present invention, wherein said error judging means 
judges that said write error or said read error has oc- 
curred when even after a timer over period derived from 

35 the continuity of AV data has passed, writing or reading 
of said AV data in said disk access unit fails to complete. 
[0073] A sixth invention of the present invention (cor- 
responding to Claim 6) is the recording and reproducing 
apparatus of the fifth invention of the present invention, 

40 wherein when writing or reading of said AV data in said 
disk access unit fails to complete even after said timer 
over period, said recording control means forcibly ter- 
minates a command issued to said recording means 
and accordingly controls such that said disk access unit 

45 will be skipped, 

[0074] A seventh invention of the present invention 
(corresponding to Claim 7) is the recording and repro- 
ducing apparatus of the first invention of the present in- 
vention, comprising a write skip counter which counts 

50 the number of times that said disk access unit Is skipped, 
wherein said recording control means controls 
such that when said number of times exceeds a prede- 
termined value which is equal to or larger than 1, this 
disk access unit will not be used after this. 

55 [0075] An eighth invention of the present invention 
(corresponding to Claim 8) is the recording and repro- 
ducing apparatus of the seventh invention of the present 
Invention, wherein the number of times counted by said 
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write skip counter is not initialized unless said recording 
medium is formatted. 

[0076] A ninth invention of the present invention (cor- 
responding to Claim 9) is the recording and reproducing 
apparatus of the first invention of the present Invention, 
comprising a read protection flag which expresses 
whether to prohibit reading from said disk access unit, 
wherein when said read protection flag which cor- 
responds to said disk access unit is ON, said recording 
control means controls such that reading from this disk 
access unit will not be executed, but 

controls such that reading from this disk access 
unit will be executed when said read protection flag 
which corresponds to said disk access unit is OFF. 
[0077] A tenth invention of the present invention (cor- 
responding to Claim 1 0) is the recording and reproduc- 
ing apparatus of the ninth invention of the present In- 
vention, wherein when said write error has occurred dur- 
ing writing of said AV data In said disk access unit, said 
recording control means turns on said read protection 
flag which corresponds to said disk access unit. 
[0078] An eleventh Invention of the present invention 
(corresponding to Claim 11) is the recording and repro- 
ducing apparatus of the ninth invention of the present 
inveniton, comprising a read skip counter which counts 
the number of times that a read error has occurred dur- 
ing reading of said AV data from said disk access unit, 
wherein when said number of times exceeds a 
predetemiined value, said recording control means 
turns on said read protection flag which con-esponds to 
said disk access unit. 

[0079] A twelfth invention of the present invention 
(corresponding to Claim 12) is the recording and repro- 
ducing apparatus of the eleventh invention of the 
present inveniton, wherein when writing of said AV data 
in said disk access unit has ended nomnally, said record- 
ing control means turns off said read protection flag 
which corresponds to said disk access unit, and 

the value of said read skip counter which corre- 
sponds to said disk access unit Is initialized to zero. 
[0080] A thirteenth invention of the present invention 
(corresponding to Claim 13) is the recording and repro- 
ducing apparatus of the eleventh invention of the 
present invention, wherein when said AV data recorded 
In said disk access unit are deleted, said recording con- 
trol means turns off said read protection flag which cor- 
responds to said disk access unit, and 

the value of said read skip counter which corre- 
sponds to said disk access unit is initialized. 
[0081 ] A fourteenth Invention of the present invention 
(corresponding to Claim 14) is a recording and repro- 
ducing method, comprising: 



recording medium, controlling said recording step 
such that this disk access unit will be skipped and 
said AV data will be written in the next disk access 

unit, 



a recording step of writing AV data in or reading AV 
data from a recording medium; and 
a recording control step of, when there is a write 
error in writing of AV data in a disk access unit which 
is a minimum unit for continuously accessing said 



wherein a replacement area which corresponds to 
said disk access unit in which there is said error is not 
formed in said recording medium. 
[0082] A fifteenth invention of the present invention 
10 (corresponding to Claim 1 5) is the recording and repro- 
ducing method of the fourteenth Invention of the present 
Inveniton, comprising an error judging step of making a 
judgment regarding whether said write en^or has oc- 
curred, 

^5 wherein said recording control step controls said 

recording step based on said judgment. 
[0083] A sixteenth invention of the present invention 
(corresponding to Claim 16) is the recording and repro- 
ducing method of the fifteenth invention of the present 
20 inveniton, wherein said error judging step makes a judg- 
ment regarding whether there is a read error in reading 
of AV data from said disk access unit is judged, and 

when there Is a read error in reading of AV data In 
said disk access unit, said recording control step con- 
25 trolssaid recording means based on said judgment such 
that this disk access unit will be skipped and AV data 
will be read from the next disk access unit. 
[0084] A seventeenth invention of the present inven- 
tion (corresponding to Claim 17) is the recording and 
30 reproducing method of the fifteenth or the sixteenth in- 
vention of the present invention, wherein said error judg- 
ing step judges that said write error or said read error 
has occurred when a command error occurs. 
[0085] An eighteenth Invention of the present inven- 
35 tion (corresponding to Claim 18) is the recording and 
reproducing method of the fifteenth or the sixteenth in- 
vention of the present invention, wherein said error judg- 
ing step judges that said write error or said read error 
has occurred when even after a timer over period de- 
40 rived from the continuity of AV data has passed, writing 
or reading of said AV data in said disk access unit fails 
to complete. 

[0086] A nineteenth invention of the present Invention 
(corresponding to Claim 19) is a medium which can be 
45 processed on a computer and which stores a program 
for making a computer function as alt or some of: record- 
ing means of the recording and reproducing apparatus 
of claim 1 which writes AV data in or reads AV data from 
a recording medium; and 
50 recording control means of the recording and re- 

producing apparatus of the first invention of the present 
invention which controls said recording means which, 
when there is a write error in writing of AV data in a disk 
access unit which-is a minimum unit for continuously ac- 
55 cessing said recording medium, controls said recording 
means such that this disk access unit will be skipped 
and said AV data wilt be written in the next disk access 
unit. 



MSDOCtD: <EP 1331639A1 J_ 



11 



EP 1 331 639 A1 



12 



[0087] A twentieth invention of the present invention 
(corresponding to Claim 20) is a program for making a 
computerfunction as all or some of: recording means of 
the recording and reproducing apparatus of the first in- 
vention of the present invention which writes AV data in s 
or reads AV data from a recording medium; and 

recording control means of the recording and re- 
producing apparatus of the first invention of the present 
Invention which controls said recording means which, 
when there is a write error in writing of AV data in a disk io 
access unit which is a minimum unit for continuously ac- 
cessing said recording medium, controls said recording 
means such that this disk access unit will be skipped 
and said AV data will be written in the next disk access 
unit. 15 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0088] 

20 

Fig. 1 is a drawing which shows a structure of a re- 
cording and reproducing apparatus according to a 
first embodiment of the present Invention ; 
Fig. 2 Is a drawing which shows a structure of the 
recording and reproducing apparatus according to 25 
the first embodiment of the present invention for re- 
cording In and reproducing from a DVD; 
Fig. 3 Is a drawing which shows a structure of the 
recording and reproducing apparatus according to 
the first embodiment of the present invention for re- 30 
cording in and reproducing from a magneto-optic 
disk; 

Fig. 4 is a drawing which shows a structure of a re- 
cording and reproducing apparatus according to a 
second embodiment of the present invention; 35 
Fig. 5 is a drawing which shows an example of a 
magnetic disk medium according to the first embod- 
iment of the present invention; 
Fig. 6 is a drawing which shows an example of a 
magnetic disk medium as it Is when AV data are de- 40 
leted according to the first embodiment of the 
present invention; 

Fig. 7 Is a flow chart which shows operations of error 
monitoring means according to the first embodi- 
ment of the present invention; 45 
Fig. 8 is a flow chart which shows operations of skip 
processing judging means during recording accord- 
ing to the first embodiment of the present Invention; 
Fig. 9 is a flow chart which shows operations of the 
skip processing judging means during reproduction 50 
according to the first embodiment of the present in- 
vention; 

Fig. 10 is another flow chart which shows opera- 
tions of the skip processing judging means during 
reproduction according to the first embodiment of 55 
the present invention; 

Fig. 11 is a flow chart which shows operations of the 
skip processing judging means during reproduction 



according to the second embodiment of the present 
Invention; 

Fig. 12 is a flow chart which shows operations of 
the recording and reproducing apparatus during de- 
letion of AV data according to the first embodiment 
of the present invention; 

Fig. 13 is a drawing which shows a structure of a 
conventional recording and reproducing apparatus; 
Fig. 14 is a drawing which shows an example of a 
magnetic disk medium which the conventional re- 
cording and reproducing apparatus records in and 
reproduces from; 

Fig. 15 Is a drawing which shows an example of a 
replacement DAD table of the conventional record- 
ing and reproducing apparatus; 
Fig. 1 6 is a drawing which shows an example of a 
DAU conversion table which is used by the conven- 
tional recording and reproducing apparatus and the 
recording and reproducing apparatuses according 
to the embodiments; and 

Fig. 17 is a drawing which shows a table which as- 
sociates an LBA with a physical address, which Is 
used by the conventional recording and reproduc- 
ing apparatus and the recording and reproducing 
apparatuses according to the embodiments. 
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BEST MODE FOR IMPLEMENTING THE INVENTION 

[0089] With reference to the associated drawings, 
embodiments will now be described which are the best 
mode for implementing the present invention. 

(FIRST EMBODIMENT) 

[0090] First, a first embodiment will now be described. 
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[0091] Fig. 1 shows a recording and reproducing ap- 
paratus 1 according to this embodiment. 
[0092] The recording and reproducing apparatus 1 
comprises an HDD 2. an AV recording/reproducing HDD 
controller 3, a fi-le system 4, skip processing judging 
means 5, error monitoring means 6, a timer 7, a record- 
ing buffer 8 and a play buffer 9. 

[0093] The HDD 2 is, as shown in Fig. 17, means 
which stores a table for associating a notified LBA (Log- 
ical Block Address) with a track number and a sector 
number expressing a physical location in a magnetic 
disk medium in a similar mannerto that according to the 
conventional technique, and associates an LBA with a 
track number and a sector number in a magnetic disk 
medium while utilizing this table and writes AV data In 
or reads AV data from the magnetic disk medium. 
[0094] Fig. 5 shows a magnetic disk medium 20 which 
the HDD 2 writes AV data in or reads AV data from. Un- 
like the magnetic disk medium 44 described in relation 
to the conventional technique, the magnetic disk medi- 
um 20 does not include a replacement DAU area 46. 
[0095] The AV recording/reproducing HDD controller 
3 is means which controls the HDD 2. 
[0096] The file system 4 is means which manages 
files, disk access units and the like while using a DAU 
conversion table which is for identifying an LBA located 
at the top of a disk access unit from file information, 
which is information regarding files recorded in the HDD 
2, infonnation regarding the respective disk access units 
in the magnetic disk medium 20 and the numbers as- 
signed to the disk access units. 

[0097] The file infonnation herein referred to is Infor- 
mation expressing, from a file name, in which disk ac- 
cess units and in which order AV data are written, and 
pemirtting for instance to associate a file name to the 
numbers assigned to the disk access units which fonn 
the corresponding file and list up the numbers assigned 
to the disk access units in the order in which the AV data 
are written. 

[0098] Meanwhile, the Infomiation regarding the re- 
spective disk access units in the magnetic disk medium 
20 includes a write skip counter which counts the 
number of times that writing in every disk access unit 
has been skipped, a read skip counter which counts the 
number of times that reading from disk access unit has 
been skipped, a bad DAU flag which indicates that AV 
data will not be read out from a disk access unit during 
reading, etc. 

[0099] Fig. 1 6 shows a DAU converting table 63. The 
DAU converting table 53 Is a table is for converting a 
disk access unit number 54 assigned to specify a disk 
access unit into an LBA 55 which is at the top of a disk 
access unit within the magnetic disk medium 44. 
[01 00] The skip processing judging means 5 is means 
which judges whether to skip a disk access unit during 
writing or reading. 

[0101] The error monitoring means 6 is means which 
monitors whether a write or read error has occurred 



while writing in or reading from a disk access unit is on- 
going. 

[0102] The timer 7 is means which measures a period 
of time during which writing in or reading from a disk 
5 access unit is ongoing. 

[0103] The recording buffer 8 is a buffer which tem- 
porarily stores AV data when the AV data to be written 
In the HDD 2 are transferred to the recording buffer 8. 
[01 04] The play buffer 9 Is a buffer which temporarily 
10 stores AV data read out from the HDD 2. 

[01 05] The HDD 2 according to this embodiment is an 
example of recording means of the present invention, 
the magnetic disk medium 20 according to this embod- 
iment is an example of a recording medium of the 
^5 present invention, the AV recording/reproducing HDD 
controller 3 and the skip processing judging means 5 
according to this embodiment are an example of record- 
ing control means of the present, invention, the error 
monitoring means 6 according to this embodiment is an 
20 example of error monitoring means of the present inven- 
tion, the bad DAU flag according to this embodiment is 
an example of a read protection flag, and the error mon- 
itoring means 6 according to this embodiment is an ex- 
ample of reading-out error monitoring means of the 
^5 present Invention. 

[0106] Operations of such a recording and reproduc- 
ing apparatus 1 will now be described. First, a descrip- 
tion will be given on operations for a situation that AV 
data are to be recorded in the magnetic disk medium 20 
30 within the HDD 2. 

[0107] Upon fonnatting of the magnetic disk medium 
20, the write skip counter and the read skip counter of 
each disk access unit described above are both initial- 
ized to zero and the bad DAU flag is set to OFF. The 
35 bad DAU flag being OFF means that AV data are to be 
read out from a corresponding disk access unit, while 
the bad DAU flag being ON means that AV data are not 
to be read out from the disk access unit. 
[0108] The file information which the file system 4 us- 
40 es for management of the files, the information regard- 
ing the disk access units and the DAU converting table 
53, are stored In the magnetic disk medium 20. When 
the recording and reproducing apparatus 1 Is started up, 
the file system 4 loads the file information, the informa- 
45 tlon regarding the disk access units and the DAU con- 
verting table 53 Into a memory of the file system 4 from 
the magnetic disk medium 20. 

[0109] AV data received by a television tuner or the 
like are transferred to the recording and reproducing ap- 
50 paratus 1 in real time. 

[0110] The recording buffer 8 temporarily stores the 
AV data thus transfen-ed in real time. Storing the AV data 
amounting to a disk access unit, the recording buffer 8 
notifies the AV recording/reproducing HDD controller 3 
55 of the storage of the AV data amounting to a disk access 
unit. 

[0111] Notified by the recording buffer 8 of the storage 
of the AV data amounting to a disk access unit, the AV 
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recording/reproducing HDD controller 3 demands the 
file systenn 4 to tell which disk access unit the AV data 
will be written. 

[0112] In response, the file system 4 notifies the AV 
recording/reproducing HDD controller 3 of the number 
assigned to the disk access unit in which AV data are to 
be written from the file information. 
[01 1 3] Notified by the file system 4 of the number as- 
signed to the disk access unit in which AV data are to 
be written , the AV recording/reproducing HDD controller 
3 makes an inquiry regarding the top LBA of the number 
assigned to the disk access unit thus notified about to 
the file system 4. 

[0114] Receiving the inquiry from the AV recording/ 
reproducing HDD controller 3, the file system 4 obtains 
the LBA at the top of the disk access unit denoted as 
the top LBA 55 according to the disk access unit number, 
using the DAU converting table 53 which is shown in 
Fig. 16, and notifies the AV recording/reproducing HDD 
controller 3 of the same. 

[0115] Further, the AV recording/reproducing HDD 
controller 3 demands the recording buffer 8 to transfer 
AV data which are to be written in one disk access unit. 
[0116] In response, the recording buffer 8 transfers 
AV data to be written in one disk access unit to the AV 
recording/reproducing HDD controller 3. 
[0117] The AV recording/reproducing HDD controller 
3 transfers to the HDD2 the AV data thus transferred 
from the recording buffer 8, designates the LBA 55 at 
the top of the disk access unit and a write size which is 
the size of one disk access unit and issues a write com- 
mand to the file system 4. The file system 4 relays the 
write command sent from the AV recording/reproducing 
HDD controller 3 to the HDD 2. 

[0118] The HDD 2 converts the notified LBA into a 
track number and a sector number with reference to the 
table which is shown in Fig. 17, and writes the trans- 
ferred AV data in a corresponding sector within the mag- 
netic disk medium 44. 

[0119] Meanwhile, AV data are transfen-ed to the re- 
cording buffer 8 in real time, and the recording buffer 8, 
upon storing the AV data amounting to a disk access 
unit, notifies the AV recording/reproducing HDD control- 
ler 3 of that again. The recording and reproducing ap- 
paratus 1 repeats operations similar to those described 
above, thereby sequentially recording AV data which 
are transferred in real time in each disk access unit. 
[0120] As described above, for recording of AV data, 
the error monitoring means 6 monitors whether a write 
command issued by the AV recording/reproducing HDD 
controller 3 is executed normally or an error has oc- 
curred, and accordingly detects a defective disk access 
unit. 

[0121] Frg. 7 shows operations of the error monitoring 
means 6. The operations of the error monitoring means 
6 will now be described with reference to Fig. 7. 
[01 22] When the AV recording/reproducing HDD con- 
troller 3 issues a write command in the manner de- 



scribed above (S1), the error monitoring means 6 starts 
error monitoring. In other words, using the timer 7, an 
elapsed time since the issuance of the write command 
by the AV recording/reproducing HDD controller 3 is 

5 measured. 

[0123] The error monitoring means 6 detennines 
whether a notification of end of write command has been 
sent from the HDD 2 (S2). When the notification of end 
of write command is yet to be received from the HDD 2, 

10 the error monitoring means 6 proceeds to S4, but to S3 
when the notification of end of write command has been 
sent from the HDD 2. 

[0124] At S4, the error monitoring means 6 deter- 
mines whether an elapsed time since the issuance of 
15 the write command is 300 msec or longer. The period of 
time 300 msec is a time over period which is yielded 
from the continuity of AV data. That Is, in the event that 
writing in one disk access unit ends in 300 msec or short- 
er lime, it is possible to guarantee the continuity of AV 
data which are to be written. A method of deriving the 
timer over period will be described later. When it is 300 
msec or more since the issuance of the write command, 
the error monitoring means 6 proceeds to S5, but to S2 
when it is 300 msec or less. 

[01 25] In the event that an elapsed time of 300 msec 
or more has elapsed since the issuance of the write 
command, the error monitoring means 6 at S5 instructs 
the AV recording/reproducing HDD controller 3 to inter- 
rupt the writing. Provided with the instruction from the 
error monitoring means 6, the AV recording/reproducing 
HDD controller 3 issues a write Interrupt command to 
the file system 4, and the file system 4 relays the write 
interrupt command to the HDD 2. Receiving the write 
interrupt command, the HDD 2 interrupts the writing and 
proceeds to S6. 

[01 26] At S6, the error monitoring means 6 notifies the 
skip processing judging means 5 of detection of a de- 
fective disk access unit. The skip processing judging 
means 5, notified by the error monitoring means 6 of 
detection of a defective DAU, starts up skip processing. 
The skip processing will be described later. 
[01 27] Meanwhile, at S3, when notifying of the end of 
the write command, the HDD 2 notifies whetherthe write 
command was ended nomnally or because of an error. 
Upon receipt of the notification of end of write command 
from the HDD 2, the error monitoring means 6 judges 
whether the write command was ended normally or be- 
cause of an error. 

[0128] When the write command was ended because 
of an error, the error monitoring means 6 proceeds to 
S6, but to S7 when the write command was ended nor- 
mally. 

[0129] In short, at S6, in the event that the write com- 
mand was ended because of an error or in the event 
that the write command was not ended even after 300 
msec, the error monitoring means 6 determines that the 
disk access unit in which writing-of the AV data was tried 
is a defective disk access unit, on the basis that a write 
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error has occurred. 

[0130] At S7 , in the event that the write command 
was ended normally^ the error monitoring means 6 no- 
tifies the skip processing judging means 5 of a normal 
termination of the write command, and the AV recording/ 
reproducing HDD controllers issues the next write com- 
mand when notified by the r-ecording buffer 8 of storage 
of AV data amounting to the next disk access unit. 
[0131] Operations of the skip processing judging 
means 5 will now be described. Fig. B shows operations 
of the skip processing judging means 5. 
[0132] At S10, when notified by the error monitoring 
means 6, the skip processing judging means 5 judges 
whether this notification is a notification of a nonnal ter- 
mination of a write command or a notification of detec- 
tion of a defective disk access unit (S11). 
[01 33] When the notification is a notification of detec- 
tion of a defective disk access unit, the skip processing 
judging means 5 proceeds to S12, but to SI 5 when the 
notification is a notification of a normal tenninatlon of 
the write command. 

[0134] At SI 5, the skip processing judging means 5, 
notified of a normal temnination of the write command, 
initializes a write skip flag of a corresponding disk ac- 
cess unit to zero, turns off a bad DAU flag, and proceeds 

to 816. 

[0135] On the contrary, at 812, the skip processing 
judging means 5, notified by the error monitoring means 
6 of detection of a defective disk access unit, increments 
the write skip counter of the disk access unit only by 1 . 
[0136] After turning on the bad DAU flag of the disk 
access unit (813), the skip processing judging means 6 
proceeds to SI 6. 

[0137] At 816, the skip processing judging means 5 
acquires the number assigned to a disk access unit 
which needs be written next from the file system 4, treats 
this as a current disk access unit and proceeds to 81 7. 
[0138] At 817, the skip processing judging means 5 
detemnines whether the cun-ent disk access unit is per- 
manently defective. That is, the skip processing judging 
means 5 recognizes a pemianent defect when the value 
of the write skip counter of the current disk access unit 
is over 5, but does not recognize a pennanent defect 
when the value Is 5 or smaller. A permanently defective 
disk access unit refers to such a disk access unit in 
which it is not possible to write or read normally not be- 
cause of disturbance such as vibrations but because of 
a defect of the disk access unit itself. 
[0139] A method of judging a permanent defect will 
now be described. Causes of a write error and a read 
error in the recording and reproducing apparatus 1 in- 
clude an error attributed to a defect in a disk, an error 
attributed to a random error, an error attributed to dis- 
turbance such as vibrations, etc. 
[0140] Of these, an error attributed to a defect in a 
disk Is an en-or associated with a defect in a disk access 
unit of the magnetic disk medium 20 within the HDD 2, 
which always occurs during reading from a defective 



disk access unit and also during writing in a similar fash- 
Ion. On the other hand, an error attributed to a random 
error is an error which occurs because of a random ac- 
cess to a disk access unit, and a probability of an error 
5 attributed to a random error Is as small as about IO-12, 
An error attributed to disturbance such as vibrations and 
the like occurs differently in different environments of 
use but at an empirical probability of about 10*9 in nor- 
mal installment in a household. 
^0 [0141] A pemianently defective disk access unit Is a 
disk access unit In which there is a defect of the disk 
access unit itself as described earlier, and every time 
such a disk access unit is written in or read, an error 
occurs. Hence, when a probability of an error occurring 
'5 during writing in or reading from a certain disk access 
unit Is higher than a probability of an error attributed to 
a random error and a probability of an error attributed to 
disturbance such as vibrations, etc., it is possible to de- 
termine that this disk access unit is a permanently de- 
20 fectlve disk access unit. When a probability of an error 
occurring during writing or reading Is larger than 10-9, 
therefore, It Is possible to determine that this disk access 
unit is a pemnanentfy defective disk access unit. 
[01 42] To be more specific, in a condition that a user's 
^5 usage is use of the recording and reproducing appara- 
tus 1 for five years, the magnetic disk medium 20 of the 
HDD 2 has a capacity of 30 Gbytes, the size of disk ac- 
cess units of the magnetic disk medium 20 is 1 Mbyte 
and recording of 24 Mbps of data is continued for eight 
30 hours a day. one disk access unit is written twice a day 
on the average. Hence, during five years, on the aver- 
age, one disk access unit is written 2 x 365 x 5 = 3650 
times. During writing over 3650 times in a certain disk 
access unit, therefore, the frequency of an error other 
35 than a defect of the disk is barely one time. In short, an 
error attributed to disturbance such as vibrations occurs 
about only once In five years in one disk access unit, 
while an error attributed to a random en^or occurs about 
only once in ten years. 
^0 [0143] Hence, in this model, as for detection of a per- 
manent error, it is possible to judge that errors occurring 
twice Is an error attributed to a defect of the disk. In other 
words, in this model, a permanent defect is recognized 
when the value of the write skip counter of the current 
^5 disk access unit is over 1 while a pemianent defect Is 
not recognized when the value Is equal to or smaller 
than 1 , thereby judging whether the disk access unit Is 
pennanently defective. In this manner, it is possible to 
judge whether a disk access unit is pennanently defec- 
50 tive by recognizing a pemianent defect when the value 
of the skip counter is beyond a predetennined value 
(which Is 1 in this model) while not recognizing a per- 
manent defect when the value is equal to or smaller than 
the predetermined value. Further, since a judgment re- 
55 garding an error attributed to a defect of the disk is dif- 
ferent depending on the condition of use and an error 
characteristic of a medium, it is necessary to determine 
the predetermined value which is used for recognition 
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of a permanent defect in advance in accordance with 
applications. At S1 7, 5 is used as such a predetermined 
value, considering that some disk access units of the 
magnetic disk medium 20 within the HDD 2 could be 
more frequently written In or read than other disk access 5 
units. 

[0144] When the current disk access unit Is penna- 
nently defective at SI 7, the skip processing judging 
means 5 proceeds to S1 6. When the current disk access 
unit is not pemrianently defective, the skip processing io 
judging means 5 notifies the AV recording/reproducing 
HDD controller 3 of the number assigned to the disk ac- 
cess unit to be skipped and proceeds to S18. That Is, 
the disk access unit judged permanently defective will 
not be used after this. is 
[0145] For example, in the magnetic disk medium 20 
shown in Fig. 5, a usable defective DAU 22 Is one for 
which the value of the write skip counter Is 5 or smaller, 
and writing in such a disk access unit is executed. How- 
ever, an usable defective DAU 23 is one for which the 20 
value of the write skip counter is over 5, and writing in 
such a disk access unit Is not executed. 
[0146] At S18, the AV recording/reproducing HDD 
controller 3 is notified by the recording buffer 8 of stor- 
age of AV data which are to be written in the next disk 25 
access unit and amount to a disk access unit, and the 
AV recording/reproducing HDD controller 3 skips a disk 
access unit of which the skip processing judging means 
5 notified to skip, acquires the number assigned to the 
disk access unit which needs be written In next from the 50 
file system 4 and proceeds to SI 9. 
[0147] At S19, the AV recording/reproducing HDD 
controller 3 Issues a write command which is for writing 
In the next disk access unit to the HDD 2 via the file 
system 4. 35 
[0148] In this manner, the recording and reproducing 
apparatus 1 writes AV data in the disk access units of 
the magnetic disk medium 20 one after another 
[0149] As described above, the recording and repro- 
ducing apparatus 1 according to this embodiment incre- 40 
ments the write skip counter of an error-bound disk ac- 
cess unit only by 1 , and turns on the bad DAU flag. AV 
data are then written In the disk access unit which needs 
be written after this disk access unit. A disk access unit 
for which the value of the write skip counter is over 5 is ^5 
regarded permanently defective, and will not be written 
with AV data. 

[0150] The bad DAU flag of a disk access unit is 
turned off when writing in the disk access unit succeeds 
even once, and the read skip counter is zeroed. In this so 
case, the write skip counter is left as it is. 
[0151] Hence, unlike according to the conventional 
technique, the recording and reproducing apparatus 1 
according to this embodiment is capable of continuously 
transferring AV data without executing replacement 55 
processing. Further, it is possible to re-use a disk access 
unit In which writing fails to complete In 300 msec or 
more because of disturbance or the like. 
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[0152] Operations for a situation that the recording 
and reproducing apparatus 1 reproduces AV data which 
are recorded In the magnetic disk medium 20 will now 
be described. 

[01 53] Assume that AV data which have been already 
recorded in the magnetic disk medium 20 in the manner 
described above. As the recording and reproducing ap- 
paratus 1 starts up, the file system 4 loads in the file 
information, Information regarding disk access units and 
the DAU converting table 53 into a memory of the file 
system 4 from the magnetic disk medium 20. 
[0154] The AV recording/reproducing HDD controller 
3 makes an inquiry on the number assigned to a disk 
access unit which needs be read next from the file sys- 
tem 4. 

[0155] In response, the file system 4 notifies the AV 
recording/reproducing HDD controller 3 of the number 
assigned to a disk access unit for which AV data are to 
be read from the file infonnaljon. 

[0156] Notified by the file system 4 of the number as- 
signed to the disk access unit for which AV data are to 
be read, the AV recording/reproducing HDD controllers 
makes an inquiry on an LBA at the top of the disk access 
unit. 

[01 57] The file system 4, receiving the inquiry from the 
AV recording/reproducing HDD controllers, obtains the 
LBA at the top of the disk access unit denoted as the 
top LBA 55 according to the disk access unit number, 
using the DAU converting table 53 which is shown in 
Fig. 1 6, and notifies the AV recording/reproducing HDD 
controller 3 of the same. 

[0158] Notified of the LBA, the AV recording/repro- 
ducing HDD controller 3 designates the LBA and the 
number of sectors which amount to the size of the disk 
access unit and issues a read command to the file sys- 
tem 4, and the file system 4 relays thus sent read com- 
mand to the HDD 2. 

[0159] The HDD 2 converts the notified LBA into a 
track number and a sector number with reference to the 
table which is shown in Fig. 1 7, reads AV data from sec- 
tors which form a corresponding track of the magnetic 
disk medium 44, and transfers to the AV recording/re- 
producing HDD controllers. 

[0160] The AV recording/reproducing HDD controller 
3 transfers thus read AV data to the play buffer 9. 
[0161] The play buffer 9 stores the AV data trans- 
ferred from the AV recording/reproducing HDD control- 
ler 3, and outputs stored AV data in real time. 
[0162] When a free space amounting to one disk ac- 
cess unit is created within the play buffer 9, the AV re- 
cording/reproducing HDD controller 3 is notified of that. 
[0163] At the timing of the notification from the play 
buffer 9 of the free space amounting to a disk access 
unit, the AV recording/reproducing HDD controller 3 is- 
sues a read command to the file system 4. Operations 
similar to those described above will be then repeated, 
thereby reading the AV data one after another. 
[01 64] As described above, for reading of AV data, the 
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error monitoring means 6 monitors whether a read com- 
mand Issued by the AV recording/reproducing HDD con- 
troller 3 is executed normally or an error has occurred, 
and accordingly detects a defective disk access unit. 
[0165] That is, Fig. 7 shows operations of the error 
monitoring means 6. The operations of the error moni- 
toring means 6 will now be described with reference to 
Fig. 7. 

[0166] When the AV recording/reproducing HDD con- 
troller 3 issues a read command in the manner de- 
scribed above (S1 ), the error monitoring means 6 starts 
error monitoring. In other words, using the timer 7, an 
elapsed time since the issuance of the read command 
by the AV recording/reproducing HDD controller 3 is 
measured. 

[0167] The error monitoring means 6 determines 
whether a notification of end of read command has been 
sent from the HDD 2 (S2). When the notification of end 
of read command is yet to be received from the HDD 2, 
the error monitoring means 6 proceeds to S4, but to S3 
when the notification of end of read command has been 
sent from the HDD 2. 

[0168] At S4, the error monitoring means 6 deter- 
mines whether an elapsed time since the issuance of 
the read command is 300 msec or more. The time 300 
msec is a time over period which is yielded from the con- 
tinuity of AV data. That is, in the event that reading ends 
in 300 msec or shorter time, it is possible to continuously 
reproduce AV data without a break. A method of deriving 
the timer over period will be described later. When it is 
300 msec or more since the Issuance of the read com- 
mand, the error monitoring means 6 proceeds to S5, but 
to S2 when it is 300 msec or shorter. 
[01 69] In the event that an elapsed time of 300 msec 
or more has elapsed since the issuance of the read com- 
mand, the error monitoring means 6 at S5 instructs the 
AV recording/reproducing HDD controller 3 to inten-upt 
the reading. Provided with the instruction from the error 
monitoring means 6, the AV recording/reproducing HDD 
controller 3 issues a read interrupt command to the file 
system 4, and the file system 4 relays the read inten-upt 
command to the HDD 2. Receiving the read interrupt 
command, the HDD 2 interrupts the reading and pro- 
ceeds to S6. 

[01 70] At S6, the error monitoring means 6 notifies the 
skip processing judging means 5 of detection of a de- 
fective disk access unit. The skip processing judging 
means 5, notified by the error monitoring means 6 of 
detection of a defective DAU, starts up skip processing. 
The skip processing will be described later. 
[0171] Meanwhile, at S3, when notifying of the end of 
the read command, the HDD 2 also notifies whether the 
read command was ended normally or because of an 
error Upon receipt of the notification of end of read com- 
mand from the HDD 2, the error monitoring means 6 
judges whether the read command was ended nonnally 
or because of an error. The error monitoring means 6 
proceeds to S6 after an error-induced temriinatlon, but 



to S7 after a nonnal termination. 
[01 72] When the read command was ended because 
of an error or when the read command failed to end 
even after 300 msec or more, the error monitoring 

5 means 6 decides at S6 that a read error has occurred, 
and judges that the disk access unit from which reading 
of the AV data was tried is a defective disk access unit. 
[0173] At S7, in the event that the read command was 
ended nomially, the error monitoring means 6 notifies 

10 the skip processing judging means 5 of a nomrial termi- 
nation of the read command, and the AV recording/re- 
producing HDD controller 3 transfers AV data to the play 
buffer 9 and issues the next read command when noti- 
fied of outputting of AV data amounting to a disk access 

15 unit from the play buffer 9. 

[0174] Operations of the skip processing judging 
means 5 will now be described. Fig. 9 shows operations 
of the skip processing Judging means 5. 
[0175] At 820, when notified by the error monitoring 
^0 means 6, the skip processing judging means 5 judges 
whether this notification is a notification of a nomnal ter- 
mination of a read command or a notification of detec- 
tion of a defective disk access unit {S21). 
[0176] When the notification is a notification of a nor- 
^5 mal termination of a read command, the skip processing 
judging means 5 proceeds to S25, but to S22 when the 
notification is a notification of detection of a defective 
disk access unit 

[0177] At 822, the skip processing judging means 5, 
30 notified by the error monitoring means 6 of detection of 
a defective disk access unit, increments the read skip 
counter of this disk access unit only by 1 and proceeds 
to 823. 

[0178] At 823, the skip processing judging means 5 
35 judges whether the value of the read skip counter is over 
5. The skip processing judging means 5 proceeds to 
824 when the value Is over 5, but to 825 when the value 
is equal to or smaller than 5. 

[0179] At 824, the skip processing judging means 5 
40 turns on the bad DAU flag of this disk access unit and 
proceeds to 825. 

[0180] At 825, the skip processing judging means 5 
acquires the number assigned to the disk access unit 
which needs be read next from the file system 4, decides 
45 that this is the current disk access unit: and proceeds to 
826. 

[0181] At 826, the skip processing judging means 5 
judges whether the bad DAU flag of the current disk ac- 
cess unit is ON or OFF. That is, when the bad DAU flag 

50 of the current disk access unit is ON, the skip processing 
judging means 5 proceeds to 825. Meanwhile, when the 
bad DAU flag of the current disk access unit is OFF, the 
skip processing judging means 5 notifies the AV record- 
ing/reproducing HDD -controller 3 of the number as- 

55 signed to the disk access unit whose bad DAU flag is 
ON, and proceeds to 827. 

[0182] At 827, notified of outputting of AV data 
amounting to a'disk access unit from the play buffer 9 
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and generation of a free space amounting to one disk 
acxiess unit within the play buffer 9, the AV recording/ 
reproducing HDD controller 3 skips the disk access unit 
which is covered by the notification from the skip 
processing judging means 5, acquires the number as- 
signed to the disk access unit which needs be written 
next from the file system 4, and proceeds to S28. 
[0183] At S28, the AV recording/reproducing HDD 
controller 3 Issues a read command which is for reading 
AV data from the next disk access unit to the HDD 2 via 
the file system 4. 

[0184] In this manner, the recording and reproducing 
apparatus 1 reads AV data from the magnetic disk me- 
dium 20 one after another. 

[0185] As described above, during reading, when an 
error is created, the recording and reproducing appara- 
tus 1 according to this embodiment Increments the read 
skip counter of the error-bound disk access unit only by 
1 . As for a disk access unit for which the value of the 
read skip counter Is over 5, the bad DAU flag of this disk 
access unit is turned on. Meanwhile, reading from a disk 
access unit whose bad DAU flag Is ON is not executed. 
[0186] Hence, during reading, too, unlike according to 
the conventional technique, the recording and reproduc- 
ing apparatus 1 according to this embodiment is capable 
of continuously transferring AV data without executing 
replacement processing. 

[0187] Operations for deletion of AV data which are 
recorded in the magnetic disk medium 20 will now be 
described. 

[0188] AV data which are recorded in the magnetic 
disk medium 20 are managed as objects. That Is, an 
object refers to AV data from pressing of a record start 
button of the recording and reproducing apparatus until 
pressing of a record stop button. During this, a pause 
button may be used. 

[0189] Fig. 12 shows operations for deleting an object 
which Is recorded In the niagnetic disk medium 20. A 
description will now be given with reference to Fig. 12. 
[0190] At S40, the AV recording/reproducing HDD 
controllers initiates deletion processing. In short, the AV 
recording/reproducing HDD controller 3 acquires the 
number assigned to the disk access unit which is to be 
deleted from the file system 4, and issues a delete com- 
mand which is for deletion of AV data which are recorded 
In this disk access unit. 

[01 91 ] Receiving the delete command, the file system 
4 initializes a table which Is for associating the fife to be 
deleted with the disk access unit, and writes in the HDD 

2. 

[0192] That is, this table contains the bad DAU flags, 
the skip counters and the like, and the file system 4 turns 
off the bad DAU flag (S41) and initializes the read skip 
counter to zero (S42) during initialization of the table. 
[0193] The write skip counter of the deleted disk ac- 
cess unit is not initialized and left as it is. Hence, a disk 
access unit for which the value of the read skip counter 
is over 5 cannot be re-used even after deletion of AV 



data. On the contrary, a disk access unit for which the 
value of the read skip counter is equal to or smallerthan 
5 becomes re-usable after deletion of AV data. 
[0194] Fig. 5 shows a magnetic disk medium as it Is 
5 before deletion of an object as the magnetic disk medi- 
um 20, while Fig. 6 shows a magnetic disk medium as 
it is after deletion of an object as a magnetic disk medi- 
um 30. 

[0195] An object 0 (24) and an object 1 (25) are re- 
10 corded in the magnetic disk medium 20. Among disk ac- 
cess units in which the object 0 (24) is recorded are the 
usable defective DAU 22 for which the value of the read 
skip counter is equal to or smaller than 5 and the unus- 
able defective DAU 23 for which the value of the read 
^5 skip counter is over 5. 

[0196] After deletion of an. object, since the value of 
the write skip counter of the usable defective DAU 22 Is 
equal to or smaller than 5, the value of the read skip 
counter of the usable defective DAU 22 is Initialized to 
zero and the bad DAU flag of the usable defective DAU 
22 is turned off, the usable defective DAU 22 is re-used 
as denoted at a usable defective DAU 28 which is usable 
after deletion of an object. On the contrary, since the 
value of the write skip counter of the usable defective 
DAU 23 is over 5 even after deletion of an object, the 
usable defective DAU 23 is not re-used as denoted at 
an unusable defective DAU 29. 

[0197] Hence, disturbance such as vibrations will not 
cause a defect-free disk access unit to be treated as a 
defective disk access unit permanently, and therefore, 
It is possible to re-use a defect-free disk access unit. 
[01 98] While the foregoing has described recording of 
AV data and reproduction of AV data separately, the re- 
cording and reproducing apparatus 1 according to this 
embodiment Is capable of reproducing AV data which 
are recorded In the magnetic disk medium 20 while si- 
multaneously recording AV data. In this manner, for re- 
production of already recorded AV data while simulta- 
neously recording AV data, the AV recording/reproduc- 
ing HDD controllers, the error monitoring means 6 and 
the skip processing judging means 5 perform the record- 
ing operations and the reproducing operations de- 
scribed above in a time-shared manner. 
[0199] As described earlier, a method of calculating 
300 msec which is the timer over period will now be de- 
scribed. 

[0200] Assume that the recording and reproducing 
apparatus 1 according to this embodiment guarantees 
both the continuity of AV data to be recorded and the 
continuity of AV data to be reproduced in the event that 
one wishes to perform simultaneous recording/repro- 
duction which is for reproducing AV data which are re- 
corded in the magnetic disk medium 20 while simulta- 
neously recording AV data, and guarantees the continu- 
ity of AV data even when defects occur in disk access 
units at a probability of 30% both during writing and 
reading. 

[0201] Assume that the recording buffer 8 Is capable 
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of storing AV data which are equivalent to maximum of 
three disk access units and the play buffers is likewise 
capable of storing AV data which are equivalent to max- 
imum of three disk access units. 
[0202] Assume that time needed to write in or read 
from a defect-free disk access unit is 1 60 msec. Assume 
also that time needed to output or Input AV data which 
are equivalent to one disk access unit is 560 msec. 
[0203] Under these conditions, 560 x 3 msec is time 
needed to store AV data equivalent to three disk access 
units in the recording buffer 8 or time needed to output 
AV data equivalent to three disk access units from the 
play buffer 9. Where the timer over period is Tout, time 
for reading from three disk access units and writing in 
three disk access units is 160 msec x 3 x 2 + (Tout - 
160) X 3 X 0.3 X 2. Since this period must be shorter 
than the time for storing AV data equivalent to three disk 
access units in the recording buffer 8 or the time for out- 
putting AV data equivalent to three disk access units 
from the play buffer 9 in orderto guarantee the continuity 
of AV data, the relationship expressed as Formula 1 be- 
low must be satisfied: 

(Formula 1) 

160 X 3 X 2+(Tout-160)3 X 0.3 X 2 < 560 X 3) 

[0204] From Fonnula 1 , Tout must satisfy Formula 2 
below: 



10 



ing writing and reading. 

[0208] Further when retry processing, which is for 
reading from a disk access unit once again, is to be ex- 
ecuted only once in response to timeout occurring dur- 
ing reading, Formula 5 must be then satisfied: 

(Fonnula 5) 
160 msec x 2 x 2 + Tout x 3 < 560 x 3 

[0209] From Formula 5, Tout must satisfy following 
Formula 6. 



15 



(Formula 2) 
Tout < 560 

[0205] Further, the relationship expressed as Formula 
3 must be satisfied, in orderto guarantee the continuity 
of AV data in the event that timeout occurs once each 
during writing and reading when AV data equivalent to 
three disk access units are written while simultaneously 
reading AV data equivalent to three disk access units. 

(Formula 3) 
160 msec X 2 x 2 + Tout X 2 < 560 x 3 

[0206] From Fomnula 3, Tout must satisfy Fomiula 4 
below: 

(Formula 4) 
Tout < 520 msec 

[0207] Hence, the timer over period needs be set 
shorter in a situation that timeout occurs once each dur- 
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(Fomiula 6) 
Tout < 347 msec 

[0210] Hence, when timeover occurs during reading, 
if reading from that disk access unit is to be pennitted 
only once, the timer over period may be set to 347 msec 
or shorter. Meanwhile, when Tout is set to 347 msec or 
shorter, it is possible to satisfy all conditions of Formula 
1 through Formula 6. 

[0211] 300 msec whk:h is the timer over period In this 
embodiment Is calculated through the consideration de- 
scribed above. 

[0212] While the embodiment has been described in 
relation to the recording and reproducing apparatus 1 
which uses the magnetic disk medium 20, the embodi- 
ment may be a recording and reproducing apparatus 
which uses other recording medium. 
[0213] For instance, Fig. 2 shows a recording and re- 
producing apparatus 11 which uses a DVD RAM as a 
recording medium. Unlike the recording and reproduc- 
ing apparatus 1 shown in Fig. 1 , the recording and re- 
producing apparatus 11 comprises an AV recording/re- 
producing DVD controller 13 and a DVD RAM drive 12. 
The AV recording/reproducing DVD controller 13 con- 
trols the DVD RAM drive 12 like the AV recording/repro- 
ducing HDD controller3controlstheHDD2. Meanwhile, 
the file system 4 is similar to the file system of the re- 
cording and reproducing apparatus 1 except for that this 
file system converts the number assigned to a disk ac- 
cess unit into an LBA of a DVD RAM. The other blocks 
of the recording and reproducing apparatus 11 than 
those mentioned above are similar to those of the re- 
cording and reproducing apparatus 1 . Thus, the embod- 
iment may be applied not only to a recording and repro- 
ducing apparatus which uses an HDD but to a recording 
and reproducing apparatus which uses a DVD as well. 
[0214] Fig. 3 shows a recording and reproducing ap- 
paratus 14 which uses a magneto-optic disk as a record- 
ing medium. Unlike the recording and reproducing ap- 
paratus 1 , the recording and reproducing apparatus 14 
comprises an AV recording/reproducing DVD controller 
16 and an MO drive 15. The AV recording/reproducing 
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DVD controller 1 6 controls the MO drive 15 like the AV 
recording/reproducing HDD controller 3 controls the 
HDD 2. Meanwhile, the file system 4 Is similar to the file 
system 4 of the recording and reproducing apparatus 1 
except for that this file system converts the number as- 
signed to a disk access unit into an LBA of an MO. The 
other blocks of the recording and reproducing apparatus 
14 than those mentioned above are similar to those of 
the recording and reproducing apparatus 1 . Thus, the 
embodiment may be applied also to a recording and re- 
producing apparatus which uses a magneto-optic disk. 
[0215] Further, although this embodiment requires 
that when a write or read command does not end even 
after an elapsed time of 300 msec or more since the 
issuance of the command, the error monitoring means 
6 notifies the skip processing judging means 5 of detec- 
tion of a defective disk access unit, this is not iimiting. 
The error monitoring means 6 may notify the skip 
processing judging means 5 of detection of a defective 
disk access unit even in response to occurrence of a 
command error in an issued write or read command. A 
command error in this context is an error which the HDD 
2 notifies about within 300 msec, which is the timer over 
period, or in shorter time when the HDD 2 can not exe- 
cute a write or read command issued to the same for 
some reason, and such an error occurs in response to 
an ECC (error correction) error during reading or issu- 
ance of a command during initialization of the HDD 2. 
[0216] A situation that a write error occurs according 
to the present invention Is not limited to a situation that 
a write command fails to end even after an elapsed time 
of 300 msec or more since the issuance of the com- 
mand: A write error referred to in the present invention 
may be one occurring in a situation that there is a noti- 
fication of incompetence of the HDD 2 of executing a 
write command within an elapsed time of 300 msec or 
less since the issuance of the command, a situation that 
recording of AV data in a disk access unit fails to com- 
plete even after the timer over period which is derived 
from the continuity of AV data, or a situation that a com- 
mand error occurs. 

[0217] Further, although the foregoing has described 
that the skip processing judging means 5 turns on the 
bad DAU flag of the disk access unit at S24 in Fig. 9 
which shows the embodiment and proceeds to S25, this 
is not limiting, in other words, as shown in Fig. 10, the 
skip processing judging means 5 may turn on the bad 
DAU flag of the disk access unit at S24 and proceed to 
S24a, and at S24a, the skip processing judging means 
5 may Increment the write skip counter only by 1 and 
then proceed to S25. Depending on the specifications 
of the recording and reproducing apparatus 1 , despite 
a failure to nonnally write AV data in a disk access unit 
in reality, it may be judged that the writing has ended 
normally. In such a case, reading from the disk access 
unit will always result in an error. Hence, as shown in 
Fig. 10, execution of S24a after S24 makes it possible 
to correctly judge whether a disk access unit is pemna- 



nently defective or not even when it is judged that writing 
has ended nonnally despite a -failure to nonnally write 
AV data in the disk access unit in reality. 

5 (SECOND EMBODIMENT) 

[0218] A second embodiment will now be described. 
[0219] Fig. 4 shows a recording and reproducing ap- 
paratus 17 according to this embodiment. 

10 [0220] The recording and reproducing apparatus 17 
according to this embodiment comprises a AV record- 
ing/reproducing HDD controller 18 instead of the AV re- 
cording/reproducing HDD controller 3 of the recording 
and reproducing apparatus 1 according to the first em- 

*5 bodiment. 

[0221] Unlike the AV recording/reproducing HDD con- 
troller 3 according to the first embodiment, the AV re- 
cording/reproducing controller HDD 18 is means which 
controls the HDD 2 so that upon occurrence of an error 

20 during reading from a disk access unit, reading from the 
disk access unit will be repeated until AV data stored in 
the play buffer 9 have been all outputted. 
[0222] The others are simllarto those according to the 
first embodiment, and therefore, will not be described 

25 again. 

[0223] Operations according to this embodiment will 
now be described. 

[0224] Operations for recording of AV data are similar 
to those according to the first embodiment. 

30 [0225] For reproduction of AV data, as in the first em- 
bodiment, the error monitoring means 6 monitors wheth- 
er an error has occurred during reading. 
[0226] Fig. 11 shows operations of the skip process- 
ing judging means 5. A description will now be given with 

35 reference to Fig. 1 1 . 

[0227] At S30, when notified by the error monitoring 
means 6, the skip processing judging means 5 judges 
whether this notification is a notification of a normal ter- 
mination of a read command or a notification of detec- 

40 tion of a defective disk access unit (S31). 

[0228] When the notification from the en-or monitoring 
means 6 is a notification of a normal termination of a 
read command, the skip processing judging means 5 
proceeds to S37. When the notification is a notification 

^5 of detection of a defective disk access unit, the skip 
processing judging means 5 proceeds to S32. 
[0229] At S32, when notified by the error monitoring 
means 6 of detection of a defective disk access unit, the 
skip processing judging means 5 increments the read 

50 skip counter of this disk access unit only by 1 and pro- 
ceeds to S33. 

[0230] At S33, the skip processing judging means 5 
judges whetherthe value of the read skip counter is over 
5. When the value is over 5, the skip processing judging 
55 means 5 proceeds to S34, but to S35 when the value is 
equal to or smaller than 5. 

[0231] At S35, the skip processing judging means 5 
makes an inquiry regarding whetherthe play buffer 9 is 
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empty to the AV recording/reproducing HDD controller 
18. The AV recording/reproducing HDD controller 18, in 
response to the inquiry from the skip processing judging 
means 5, checks the state of the play buffer 9 and noti- 
fies the skip processing judging means 5 of whether the s 
play buffer 9 is empty The skip processing judging 
means 5 proceeds to S37 when the play buffer 9 is emp- 
ty, but to S36 when the play buffer 9 Is not empty. 
[0232] At S36, the skip processing judging means 5 
instructs the AV recording/reproducing HDD controller io 
1 8 to read once again from the error-bound disk access 
unit, and the AV recording/reproducing controller 18, in- 
structed by the skip processing judging means 5, Issues 
a read command which is for reading from this disk ac- 
cess unit once again. The error monitoring means 6 is 
monitors whetheran error has occurred during this read- 
ing, as in the first embodiment. 

[0233] At S34, since the value of the read skip counter 
is over 5, the skip processing judging means 5 turns on 
the bad DAU flag of the disk access unit and proceeds 20 
to S37. 

[0234] At S37, the skip processing Judging means 5 
acquires the number assigned to the disk access unit 
which needs be read next from the file system 4, decides 
that this Is the cun^ent disk access unit, and proceeds to 25 
S38. 

[0235] At S38, the skip processing judging means 5 
judges whether the bad DAU flag of the cun-ent disk ac- 
cess unit Is ON or OFF. That is, when the bad DAU flag 
of the current disk access unit is ON, the skip processing 3o 
judging means 5 proceeds to S37. On the contrary, 
when the bad DAU flag of the current disk access unit 
is OFF, the skip processing judging means 5 notifies the 
AV recording/reproducing HDD controller 18 of the 
number assigned to the disk access unit whose bad 35 
DAU flag was ON, and proceeds to S39. 
[0236] At S39, notified by the play buffer 9 of output- 
ting of AV data amounting to a disk access unit, the AV 
recording/reproducing HDD controller 18 skips the disk 
access unit which Is covered by the notification from the 40 
skip processing judging means 5, acquires the number 
assigned to the disk access unit which needs be written 
next from the file system 4, and proceeds to S40. 
[0237] At S40, the AV recording/reproducing HDD 
controller 1 8 Issues a read command which is for read- 45 
ing AV data from the next disk access unit to the HDD 
2 via the file system 4. 

[0238] In this manner, the recording and reproducing 
apparatus 1 7 reads AV data from the magnetic disk me- 
dium 20 one after another. Upon occurrence of an en-or so 
In a disk access unit, reading from the disk access unit 
will be repeated until the play buffer 9 has been emptied. 
[0239] Hence, in addition to the effect according to the 
first embodiment, it is possible to improve the reliability 
of reproduction of AV data further more than in the first 55 
embodiment while continuously reproducing the AV da- 
ta without a break. 

[0240] The timer over period in the present Invention 



is not limited to 300 msec as in this embodiment, but 
may be any period of time, such as 31 0 msec and 280 
msec, which pennits to guarantee the continuity of AV 
data. 

[0241 ] The skip counters according to the present In- 
vention are not limited to the write skip counter and the 
read skip counter of the embodiment which are sepa- 
rately disposed for reading and writing, but may be a 
counter which counts reading and writing altogether. In 
short, the skip counters according to the present inven- 
tion may be any skip counter which counts the number 
of times disk access units are skipped. 
[0242] Further, the predetermined number of times 
according to the present invention is not limited to five 
times as in the embodiment, but may be any number of 
times, such as four times and seven times, which is ap- 
propriate to judge that a disk access unit is permanently 
unnecessary. 

[0243] Further the recording medium in the present 
invention is not limited to the magnetic disk medium 20 
of the embodiment: Rather, the recording medium in the 
present invention may be any medium, such as a mag- 
neto-optic disk and an optical disk medium, which per- 
mits to record or reproduce AV data. 
[0244] Still further, the recording medium in the 
present Invention may be incorporated in the recording 
and reproducing apparatus according to the present in- 
vention or freely attachable and detachable. 
[0245] In addition, the present invention Is directed to 
a program which operates in co-operation with a com- 
puter and which makes the computer execute the func- 
tions of all or some means (or apparatuses, elements, 
circuits, parts, etc.) of the recording and reproducing ap- 
paratus according to the present invention described 
above. 

[0246] Moreover, the present invention is directed to 
a medium which can be read on a computer and stores 
a program, which operates in co-operation with a com- 
puter and which makes the computer execute the func- 
tions of all or some means of the recording and repro- 
ducing apparatus according to the present invention de- 
scribed above, and which makes said program as it is 
read operates in co-operation with said computer and 
executes said functions. 

[0247] In this context, some means (or apparatuses , 
elements, circuits, parts, etc.) according to the present 
invention refer to some means among these plurality of 
means, or some functions in one means. 
[0248] The present invention also covers a recording 
medium which stores the program according to the 
present Invention and can be read on a computer. 
[0249] In one example of use, the program according 
to the present invention may be recorded in a recording 
medium which can be read on a computer so that the 
program operates in co-operation with the computer. 
[0250] In one example of use, the program according 
to the present invention may be transmitted through a 
transmission medium and read by a computer so that 
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the program operates in co-operation with the computer. 
[0251] The recording nnedium includes a ROM, etc., 
whereas the transmission medium includes a transmis- 
sion medium such as the Internet, light, an electric wave, 
a sound wave. etc. 5 
[0252] As described above, the computer referred to 
in the present invention is not limited pure hardware 
such as a CPU but may include firmware, OS, and fur- 
ther, peripheral equipment. 

[0253] As described above, the structure according to io 
the present invention may be realized by software or 
hardware. 

INDUSTRIAL USE 

15 

[0254] As described clearly above, the present inven- 
tion provides, a recording and reproducing apparatus, 
a recording and reproducing method, a medium and a 
program with which it is possible to continuously transfer 
AV data without a break without taking labor and time. 
[0255] In addition, the present invention provides a re- 
cording and reproducing apparatus , a medium and a 
program with which it is possible to continuously transfer 
AV data without deleting AV data which have already 
been recorded in a recording medium. 25 
[0256] Further, the present invention provides a re- 
cording and reproducing apparatus, a medium and a 
program with which it Is possible to continuously transfer 
AV data without decreasing an area which a user can 
freely use. 30 
[0257] Still further the present invention provides a 
recording and reproducing apparatus , a medium and a 
program with which it Is possible to avoid permanently 
treating a defect-free disk access unit as a defective disk 
access unit due to disturbance such as vibrations and 35 
to accordingly re-use a defect-free disk access unit. 



Claims 

40 

1. A recording and reproducing apparatus, compris- 
ing: 

recording means which writes AV data in or 
reads AV data from a recording medium; and 45 
recording control means which, when there is 
a write error in writing of AV data in a disk ac- 
cess unit which is a minimum unit for continu- 
ously accessing said recording medium, con- 
trols said recording means such that this disk so 
access unit will be skipped and said AV data 
will be written in the next disk access unit, 

wherein a replacement area which corre- 
sponds to said disk access unit in which there is said 55 
error is not formed in said recording medium. 

2. The recording and reproducing apparatus of claim 



1 , comprising error judging means which makes a 
judgment regarding whether said write error has oc- 
cupied, 

wherein said recording control means con- 
trols said recording means based on said judgment. 

3. The recording and reproducing apparatus of claim 

2, wherein said error judging means makes a judg- 
ment regarding whether there Is a read error in 
reading of AV data from said disk access unit, and 

when there is a read error in reading of AV 
data In said disk access unit, said recording control 
means controls said recording means based on 
said judgment such that this disk access unit will be 
skipped and AV data will be read from the next disk 
access unit. 

4. The recording and reproducing apparatus of claim 
2 or 3, wherein said error judging means judges that 
said write error or said read error has occurred 
when a command error occurs. 

5. The recording and reproducing apparatus of claim 
2 or 3, wherein said error judging means judges that 
said write error or said read error has occurred 
when even after a timer over period derived from 
the continuity of AV data has passed, writing or 
reading of said AV data In said disk access unit fails 
to complete. 

6. The recording and reproducing apparatus of claim 
5, wherein when writing or reading of said AV data 
in said disk access unit fails to complete even after 
said timer over period, said recording control means 
forcibly terminates a command issued to said re- 
cording means and accordingly controls such that 
said disk access unit will be skipped. 

7. The recording and reproducing apparatus of claim 
1 , comprising a write skip counter which counts the 
number of times that said disk access unit is 
skipped, 

wherein said recording control means con- 
trols such that when said number of times exceeds 
a predetermined value which is equal to or larger 
than 1 , this disk access unit will not be used after 
this. 

8. The recording and reproducing apparatus of claim 
7, wherein the number of times counted by said 
write skip counter is not initialized unless said re- 
cording medium Is formatted. 

9. The recording and reproducing apparatus of claim 
1 , comprising a read protection flag which express- 
es whether to prohibit reading from said disk access 
unit, 

wherein when said read protection flag which 
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11. 



corresponds to said disk access unit is ON, said re- 
cording control means controls such that reading 
from this disk access unit will not be executed, but 
controls such that reading from this disk ac- 
cess unit will be executed when said read protection 
flag which corresponds to said disk access unit is 
OFF. 

The recording and reproducing apparatus of claim 
9, wherein when said write error has occurred dur- 
ing writing of said AV data in said disk access unit, 
said recording control means turns on said read 
protection flag which corresponds to said disk ac- 
cess unit. 

The recording and reproducing apparatus of claim 
9, comprising a read skip counter which counts the 
number of times that a read error has occurred dur- 
ing reading of said AV data from said disk access 
unit. 

wherein when said number of times exceeds 
a predetermined value, said recording control 
means turns on said read protection flag which cor- 
responds to said disk access unit. 



12. The recording and reproducing apparatus of claim 
1 1 , wherein when writing of said AV data in said disk 
access unit has ended normally, said recording con- 
trol means turns off said read protection flag which 
corresponds to said disk access unit, and 

the value of said read skip counter which cor- 
responds to said disk access unit is Initialized to ze- 
ro. 



13. 



15. The recording and reproducing method of claim 1 4, 
comprising an error judging step of making a judg- 
ment regarding whether said write error has oc- 

cun-ed, 

wherein said recording control step controls 
said recording step based on said judgment. 
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The recording and reproducing apparatus of claim 
11 , wherein when said AV data recorded In said disk 
access unit are deleted, said recording control 
means turns off said read protection flag which cor- 
responds to said disk access unit, and 

the value of said read skip counter which cor- 
responds to said disk access unit is initialized. 



14. A recording and reproducing method, comprising: 

a recording step of writing AV data in or reading 45 
AV data from a recording medium; and 
a recording control step of, when there is a write 
error in writing of AV data in a disk access unit 
which is a minimum unit for continuously ac- 
cessing said recording medium, controlling so 
said recording step such that this disk access 
unit will be skipped and said AV data will be writ- 
ten in the next disk access unit, 

wherein a replacement area which corre- 55 
spends to said disk access unit In which there is said 
error is not formed in said recording medium. 



The recording and reproducing method of claim 15, 
wherein said error judging step makes a judgment 
regarding whetlier there is a read error In reading 
of AV data from said disk access unit is judged, and 
when there is a read error in reading of AV 
data in said disk access unit, said recording control 
step controls said recording means based on said 
judgment such that this disk access unit will be 
skipped and AV data will be read from the next disk 
access unit. 



17. The recording and reproducing method of claim 15 
or 16, wherein said error judging step judges that 
said write error or said read error has occurred 
when a command error occurs. 

18. The recording and reproducing method of claim 15 
or 16, wherein said error judging step judges that 
said write error or said read error has occun-ed 
when even after a timer over period derived from 
the continuity of AV data has passed, writing or 
reading of said AV data in said-disk access unit fails 
to complete. 

19. A medium which can be processed on a computer 
and which stores a program for making a computer 
function as all or some of: recording means of the 
recording and reproducing apparatus of claim 1 
which writes AV data in or reads AV data from a re- 
cording medium; and 

recording control means of the recording and 
reproducing apparatus of claim 1 which controls 
said recording means which, when there is a write 
error in writing of AV data in a disk access unit which 
is a minimum unit for continuously accessing said 
recording medium, controls said recording means 
such that this disk access unit will be skipped and 
said AV data will be written in the next disk access 
unit. 

A program for making a computer function as all or 
some of: recording means of the recording and re- 
producing apparatus of claim 1 which writes AV data 
in or reads AV data from a recording medium; and 
recording control means of the recording and 
reproducing apparatus of claim 1 which controls 
said recording means which, when there is a write 
error in writing of AV data in a disk access unit which 
is a minimum unit for continuously accessing said 
recording medium, controls said recording means 
such that this disk access unit will be skipped and 
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said AV data will be written in the next disk access 
unit. 
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Fig. 12 
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Fig. 14 
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Fig. 15 
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3. □ As only some of the required additional search fees were timely paid by the applicant. this international search rmort 
I only those claims for which fees were paid, specifically olnims Nos.: 



covers 



4. □ No required additional search fees were timely paid by the appUcant Consequently, this m^^ 

search report is restricted to the invention first meotioned in the claims; it is covered by claims Nos.: 



Remark on Protest [Z] The additional search fees were accompanied by the appiicanf s protest 

□ 

No protest accompanied the payment of additional search fees. 
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